Introduction
Autoimmunity against pancreatic islet beta-cells (islet autoimmunity, IA) leads to loss of insulin production resulting in type 1 diabetes (T1D). The incidence of childhood T1D continues to rise worldwide by 3-4% per annum [1] [2] [3] . In the USA, an estimated 1.25 million people [4] including 132,000 children and adolescents [3] are affected. Half of T1D patients are diagnosed after age 20 and the lifetime risk now exceeds 1% in North America and Europe. This pandemic is clearly environmentally induced. T1D incidence varies markedly from year to year and seasonally; outbreaks appear to be superimposed on a steady secular increase in incidence. No genetic models can explain such a pattern and rapid increase [5] ; however, the specific cause(s) remains to be determined. A number of intriguing hypotheses have been proposed and plausible environmental causes of T1D have been suggested; however, few have been consistently confirmed and none, so far, successfully modified in primary prevention.
In 2003, to overcome these limitations and to accelerate the path to primary prevention, the National Institutes of Health created a multicenter prospective cohort study-The Environmental Determinants of Diabetes in the Young (TEDDY) consortium [6, 7] . TEDDY includes three US clinical centers in Denver, Seattle, and Augusta as well as centers in Turku (Finland), Malmö (Sweden), and Munich (Germany). The Data Coordinating Center is in Tampa, FL. TEDDY aims to identify environmental factors that trigger or protect against the development of IA and T1D. The uniquely intensive follow-up of TEDDY children has already evaluated a number of environmental triggers [8•, 9-16] , gene variants [17] [18] [19] [20] [21] , and gene-environment interactions involved in the appearance of islet autoantibodies [22•, 23, 24 •] preceding T1D. Models emerging from current data suggest that either a variety of exposures act on a similar pathway or that there are multiple pathways leading to the destruction of beta-cells. The progress made by TEDDY has been reflected in more than 90 peer-reviewed publications. This review provides a summary of selected TEDDY results published through June 2018.
The Goals of TEDDY
TEDDY's overarching goal is to elucidate the etiology and pathogenesis of T1D and to inform new strategies to prevent or delay the disease. Specifically, TEDDY long-term scientific goals include:
1. Identify modifiable environmental factors responsible for the development of IA and T1D. 2. Among children with islet autoimmunity, identify predictors of progression to T1D. 3. Disentangle the heterogeneity of T1D by prospective characterization of endotypes [25] . 4. To elucidate the pathogenesis of T1D trough integrative analyses of "big data" generated by "omics" study laboratories and with analytical help from the broad scientific community. 5. Collect and bank specimens for studies of T1D pathogenesis and development of biomarkers for T1D prediction. The specimens collected prospectively from TEDDY subjects (DNA, RNA, serum and plasma, PBMCs, stool, nasal swabs, and other samples) provide a unique resource for scientists within and outside the TEDDY consortium to test novel hypotheses.
TEDDY Study Design and Population
TEDDY's large, intensively followed cohort provides a unique opportunity to disentangle the role of genetic and environmental factors in the complex etiology of T1D. The study design has been published [6, 7, 26] . Briefly, in 2004-2010, TEDDY screened 424,788 newborns for HLA-DR-DQ genotypes conferring increased T1D risk. In newborns without a first-degree relative with T1D (about 90% of the TEDDY cohort), the eligible haplogenotypes were HLA DR3-DQ2/DR4-DQ8, DR4-DQ8/DR4-DQ8, DR4-DQ8/ DR8-DQ4, and DR3-DQ2/DR3-DQ2. In newborns with a first-degree relative affected by T1D, an additional five haplogenotypes defined eligibility [26] . HLA DRB1*04:03 was an exclusion allele [27, 28] . Eligible enrolled children with high-risk HLA-DR-DQ (N = 8676) include 922 newborn first-degree relatives (FDR) of persons with T1D and 7754 general population children (GP). TEDDY then became a closed cohort followed for development of study end points: persistent islet autoantibody, multiple persistent autoantibodies with normoglycemia (stage 1 T1D), dysglycemia (stage 2 T1D), and clinical stage 3 T1D [29] .
Follow-up Schedule Participating children completed their initial study visit by 4 months of age. Gestational and perinatal exposures were assessed; maternal serum was tested for islet autoantibodies, if the infant was positive or if the mother had diabetes. Subjects are being followed for development of study end points with meticulous assessment of environmental exposures. Detailed procedures are utilized to standardize data collection, harmonization, and management [30] . Clinic visits occur quarterly until age 4, and then every 6 months through age 15. Children with one or more persistent islet autoantibodies are followed quarterly; an OGTT is performed in these children every 6 months. Parents fill out questionnaires at regular intervals and record in the "TEDDY Book" diet, allergies, vaccinations, dietary supplements, illnesses, medication, daycare, pets, school, social groups, and significant life events. Study staff complete additional questionnaires and anthropometric measurements at each visit. Blood, stool, nasal swab, saliva, urine, toenail clippings, and drinking water are collected. Physical activity is measured by accelerometer from age 5.
Study Outcomes
The first primary outcome is the appearance of a persistent confirmed islet autoantibody. The study has a robust process of confirming outcomes in a second reference laboratory, defining persistence of autoantibodies, ruling out maternally transmitted autoantibodies, and pinpointing the timing of each islet autoantibody appearance. Autoimmune activation in response to a hypothetical trigger has been determined as the first appearing autoantibody against either insulin (IAA), GAD (GADA), or IA-2 (IA-2A) on two or more consecutive visits. Table 1 summarizes the number of TEDDY participants who have developed a single (1Ab), multiple islet autoantibodies (mAb), or T1D defined by the ADA criteria [31] . As of February 28, 2018 , 769 children had developed persistent confirmed islet autoantibodies, including 447 with mAb and 310 with T1D. Secondary outcomes include celiac autoimmunity (CDA, n = 1258), celiac disease (CD, n = 471), autoimmune thyroiditis (AT, n = 373), and autoimmune thyroid disease (ATD, n = 38).
Clinical Characteristics of Children Diagnosed with Diabetes
Despite their young age, TEDDY participants who developed T1D were often asymptomatic [32] and rarely had DKA, compared to the community cases [33] . At diagnosis, mean HbA1c was lower in TEDDY (6.8%, 51 mmol/mol) than age-matched control children diagnosed with diabetes in the community (10.5%, 91 mmol/mol) (P < 0.0001). TEDDY children had significantly higher area under the curve and peak C-peptide values than the community controls throughout the first year post-diagnosis [34] .
Cohort Retention TEDDY is a demanding protocol requiring frequent visits, blood draws, extensive interviews, and athome tasks. Retention of study participants is our central focus with the goals of minimizing withdrawal and assessing possible bias. Of the original cohort, 5731 (66%) participants are actively engaged in the protocol 13 years since enrollment began; 31% have withdrawn from in-person visits, and only 3% have been lost to follow-up. Withdrawal was lower among FDR (24%) compared to GP (32%). Importantly, 71% of withdrawals occurred in the first 2 years of life and have steadily declined as the cohort grew older (Fig. 1 ). In the past 3 years, combined withdrawal and loss has been < 1% annually and even less among those with autoantibodies. Withdrawn subjects are contacted annually to update contact information and disease status and to offer re-enrollment; on average, 1853 (69%) of withdrawn participants complete the update annually. This surveillance has identified 23 subjects diagnosed with T1D and 27 with celiac disease. Additionally, 738 (40% of those contacted) have expressed interest in reengaging, and 403 subjects re-joined the study by completing another visit. A long-distance protocol, allowing for remote data and sample collection, includes 13% of the cohort. Local and national diabetes registries [3, [35] [36] [37] have been successfully engaged in surveillance for T1D among withdrawn and lost-to-follow-up participants.
The Nested Case-Control Study (NCCS) Children who reached the study outcomes by 2012 (418 with autoantibodies and 114 with T1D) and matched controls (N = 1595; up to 3 controls were selected for each case) formed a nested case-control study-a multidimensional omic analysis of serial samples [38] (Fig. 2) . Cases of persistent confirmed IA seroconverted at the median age 1.8 years (IQR 1.0-2.8). Children who developed T1D had median age of diagnosis 2.4 years (1.6-3.4). A total of 1253 controls were matched to the cases of persistent confirmed IA (generally 3:1) on clinical center, sex, and family history of T1D (Fig.  2 ). All the controls were included in studies for the dietary biomarkers and metabolomics and 418 controls (1:1) were included in metagenomics and gene expression studies.
For the 114 T1D cases, 342 controls were selected for dietary biomarkers and metabolomics and 114 controls for the other studies. 
Results in Major Study Areas
Cumulative Incidence of Islet Autoimmunity and T1D
The incidence of IA peaks at 2 years of life and decreases steadily thereafter. While additional children develop IA throughout childhood, their progression to T1D is slower than in those who developed IA as infants and toddlers. Either IAA first or GADA first was observed in 82% of the children (Table 2) ; a second autoantibody appeared within 1 year in 60% of the subjects who have developed either IAA first or GADA first [20] . By age 10 years, the cumulative incidence of any persistent confirmed islet autoantibody was 12.2% (95%CI, 11.4-13.1%) and for multiple islet autoantibodies it was 7.1% (95%CI, 6.5-7.8%). TEDDY has observed that 24% of children with single islet autoantibodies, particularly those with IAA (29%), lost their autoantibody without developing other islet autoantibodies [39] . It is important to determine whether such early transient autoimmunity can reappear in adolescents, and what factors are associated with remission compared to relapse of autoimmunity. TEDDY is also exploring profiles of autoantibodies that are associated with rapid or slow progression to diabetes [20, 40] , and methods that can distinguish IgM from IgG islet autoantibodies [41, 42] . In the 5 years after the appearance of IA, T1D developed in 47% with three, 36% with two, and 11% with one autoantibody [40] . Higher IAA and IA-2A levels, but not GADA levels, predicted progression to T1D among persistently autoantibody-positive TEDDY children [40, 43] .
Heterogeneity of Islet Autoimmunity and T1D
Previous studies have suggested a dichotomy in the pattern of islet autoantibodies: an early appearance of IAA, distinct from a later appearance of predominantly GADA-positive children [44] [45] [46] [47] . TEDDY has confirmed this dichotomy in a large international population of children with and without T1D relatives [20, 23, 48, 49] and has discovered novel determinants of these IA phenotypes [23, 24•] . Children who present initially only with IAA carry usually one or two copies of the HLA DR4-DQ8 haplotype. This "IAA-first" phenotype peaks at 1 year of life and its incidence rapidly declines thereafter (Fig. 3) . In contrast, a "GADA-first" phenotype presents later, persists at a steadier incidence, and is associated with HLA DR3-DQ2 [24•, 47] .
Cellular Immune Markers
TEDDY has regularly collected and frozen peripheral blood mononuclear cells (PBMC) from 5066 of the participants, including 554 who have developed islet autoantibodies. This provides opportunities to determine how the peripheral immune repertoire matures in childhood and how genetics and environment modify this development, and further characterize the immune cells that are associated with islet autoimmunity. Clinical Centers isolate and freeze sterile PBMC from TEDDY subjects in triplicate vials. Recent development in single-cell analysis and RNA sequencing will allow analysis of circulating blood cell subsets in relation to the appearance of the first islet autoantibody, progression to multiple autoantibodies, and clinical onset of diabetes. In order to fully capitalize on these opportunities, TEDDY has recruited experts in measuring and understanding innate and adaptive immune responses for workshops and ongoing pilot studies. The results of these experiments will guide the effort to comprehensively profile the immune development and immune repertoire before and during progression of islet autoimmunity. The analyses will focus on how environmental exposures that are associated with islet autoimmunity modify these immune responses.
Genetic Determinants of Islet Autoimmunity
The entire TEDDY cohort was genotyped using the ImmunoChip array [50] incorporating SNPs associated with one of 12 autoimmune diseases, including~20,000 "wild card" SNPs, to comprise 176,586 SNPs in 186 loci. TEDDY first analyzed 5164 Caucasian children for 41 non-HLA SNPs that achieved genome-wide significance for association with Fig. 3 The incidence of islet autoantibodies. Early "IAA-first" phenotype followed by "GADA-first" phenotype T1D in the genome-wide association scan meta-analysis conducted by the Type 1 Diabetes Genetics Consortium [51] . In a time-to-event analysis, eight SNPs achieved significant association to the appearance of a first islet autoantibody and the following four remained significant after adjustment for multiple testing: rs2476601 in PTPN22, rs2292239 in ERBB3, rs3184504 in SH2B3, and rs1004446 in INS [17] . These SNPs were also significantly associated with T1D, in particular, rs2476601. Although genes in the HLA region remain the most important genetic risk factors for T1D, other non-HLA genetic factors contribute to a first appearing autoantibody, the first step in the pathogenesis of T1D.
A multivariate proportional hazards model of TEDDY made it possible to further dissect the genetic association with the first appearing autoantibody; rs2476601 in PTPN22 and rs2292239 in ERBB3 were related to both IAA first and GADA first [24•] . PTPN22 is a tyrosine phosphatase that inhibits T cell receptor signaling and selectively promote type I interferon responses [52] . ERBB3 is a tyrosine kinase cell surface growth factor receptor overexpressed in many cancers and viewed as a therapeutic target [53] . The common allele in rs689 in INS was the only non-HLA genetic factor that increased the risk for IAA first [24• ]. The mechanism is thought to be explained by a reduced expression of insulin on thymocytes which lessens the efficiency of tolerance induction. The minor alleles in rs3184504 in SH2B3 and in rs3757247 in BACH2 increased the risk for GADA first but not for IAA first [24•] . SH2B adapter protein 3 (SH2B3) is commonly expressed in hematopoietic cells. BACH2, on the other hand, is a transcription factor essential for T and B lymphocytes. IA was also associated with a novel region near PPIL2 with suggestive evidence [19] for this recently reported minor autoantigen in newly diagnosed T1D [54, 55] . PPIL2 is a member of the cyclophilin family of peptidylprolyl isomerases; the protein is involved in protein folding and immunosuppression by cyclosporin A. TTC34/PRDM16 (tetratricopeptide repeat domain 34) was associated with IAA as the first appearing autoantibody and RBFOX1 with GADA first [19] . SNPs within the complement genes are also associated with IA [18] .
TEDDY also tested if gestational infections in interactions with child's HLA and non-HLA genes affected the appearance of IA [23] . Gestational infections were not associated with the first appearing islet autoantibodies overall; however, they showed a protective influence on IAA-first among CTLA4-(AG, GG) children [23] . The predominant associations of HLA-DR-DQ 4-8/4-8 with IAA and HLA-DR-DQ 3-2/3-2 with GADA were not observed if a gestation respiratory infection was reported. The role of gestational respiratory infection may depend on offspring HLA and CTLA-4 alleles and supports a bidirectional trigger for IAA or GADA as a first appearing beta-cell autoantibody in early life [23] .
Genetic Determinants of Multiple Autoantibodies and T1D
PTPN22 and INS as well as a novel region, PXK/PDHB, were associated with the risk for multiple islet autoantibodies. Interestingly, the appearance of a second autoantibody was not related to HLA [20, 24•] . The extensive genetic analyses in the TEDDY study made it possible to exploit a genetic risk score (GRS) to stratify risk of developing multiple islet autoantibodies and type 1 diabetes [21] . The positive predictive value for multiple islet autoantibodies and T1D was determined in 3498 children in whom genetic scores were calculated from 41 SNPs. These children of mainly European descent had a greater than 10% risk for multiple islet autoantibodies, and a nearly twofold higher risk than children identified by high-risk HLA genotypes alone [21] . This GRS based on TEDDY genetics is currently used to screen newborn children to be enrolled in a primary prevention study with oral insulin in Germany [56, 57] .
Infectious Triggers of Islet Autoimmunity and Promoters of Progression to T1D
TEDDY has used a unique exploratory approach to study the role of microbial exposures in the development of IA and T1D without any pathogen-specific a priori hypothesis. Comprehensive questionnaires (TEDDY book) are used to monitor the occurrence of infections, antibiotic treatments, and vaccinations. Omics-based laboratory technologies then identify specific various microbes and to characterize in detail the complete microbiome (including virome and parasitome) in longitudinal series of stool and blood samples and nasal swabs.
TEDDY has first developed methods to identify and classify > 113,000 parent-reported infectious episodes [58] . Importantly, respiratory infections in early childhood were temporally associated with the appearance of islet autoantibodies [8•] . In further analyses, respiratory infections predicted development of both the "IAA-first" and "GADA-first" phenotypes, while acute gastroenteritis predicted only the later-onset "GADA-first" phenotype (M. Lönnrot, unpublished). Acute gastroenteritis also predicted the appearance of transglutaminase autoantibodies-a marker of celiac disease [59] . In contrast to previous smaller studies, TEDDY found no association between the use of antibiotics and development of IA or celiac disease-associated autoimmunity [60] .
Vaccinations Vaccinations received by TEDDY participants have been classified and validated against medical records. Pandemrix® flu vaccination that triggered narcolepsy in Finland and Sweden did not increase the risk of IA or T1D in Finnish or Swedish TEDDY participants. In contrast, a negative association was found between the vaccine and IA or T1D [15] in Finland, but this was not seen in Swedish children.
Serum Virome
The association between viruses and IA/T1D has been analyzed using nested case-control design and nextgeneration sequencing to characterize the complete virome in stool, serum, white blood cell, and nasal swab samples. The first such study was carried out in a small subgroup of TEDDY infants, who rapidly developed T1D. They did not have more viruses detectable in serum than matched controls [12] . The virome analyses of stool, serum, "buffy coats," and nasal swab specimens in a larger cohort of case and control children are in progress.
Gut Microbiome The gut bacteriome in serial stool samples collected between 3 and 40 months of life from 903 children was characterized using 16S rRNA gene sequencing (n = 11,717) and metagenomic sequencing (n = 10,602). TEDDY demonstrated the feasibility to detect lactobacilli in mail-in infant stools [61] . In all TEDDY geographical locations, the gut microbiome showed three distinct developmental phases, characterized primarily by reducing Bifidobacterium and increasing diversity. These phases correlated with diet, especially with breast-feeding which was the most significant factor associated with the microbiome structure. While a number of factors were identified to determine the development of gut bacteriome in early childhood, no association was found with IA [62, 63] . However, genes mapping to bacterial fermentation pathways, including the production of short-chain fatty acids (SCFA), were decreased in cases of IA, supporting previously postulated protective effects of SCFA on early-onset human T1D.
Gut Virome Enteroviruses, which are among the main T1D-associated viruses, were found frequently by RT-PCR in stool samples but strikingly less often in Finland than in other TEDDY countries [64] , consistent with the polio hypothesis [65] . Poliovirus infection led to paralysis most frequently in countries with a high standard of hygiene, lower frequency of poliovirus infections, and lower prevalence of maternal antibodies. Gut virome was also analyzed using mass sequencing. Preliminary results suggest an association between enteroviral infections and IA (R. Lloyd et al., unpublished).
Dietary Triggers of Islet Autoimmunity and Promoters of Progression to T1D
TEDDY has harmonized the food composition databases across the four participating countries for nutrient data [12, 66] and for food group data [67] . Exposure to probiotics in early infancy was found to decrease the risk of IA in the highest risk children [9] , while use of hydrolyzed infant formula increased the risk of IA [13] . Intake of soluble fiber is not associated with IA [16] . We have reported differences in supplement use, diet, and feeding patterns by country, sociodemographic status, and diabetes status of the parents [68] [69] [70] [71] .
Dietary Biomarkers Vitamin D sufficiency was associated with a lower risk of IA overall, and particularly in children with at least one minor allele at a SNP in the vitamin D receptor gene [22•] . Higher levels of fish-derived fatty acids (EPA, DPA) in erythrocytes during infancy were also associated with lower risk of IA [72] .
Body Fat and Physical Activity
Accelerated weight gain may increase the risk for T1D [73] [74] [75] [76] . TEDDY monitors factors associated with insulin resistance and beta-cell overload including BMI and body composition as well as exercise and fitness. TEDDY subjects aged ≥ 5 years wear the Actigraph® GT3X+ accelerometer around the waist for 1 week per year to generate objective physical activity data. Over 16,000 measurements have been completed, so far. Preliminary data demonstrated significant variability in the activity levels by country after adjusting for sex, race/ethnicity, and mother's education. Body composition is measured at each visit, using bioelectrical impedance assessment (BIA) device (Tanita® DC-430U).
Celiac Disease and Autoimmune Thyroid Disease
Annual transglutaminase autoantibody screening for CD began at 2 years of age. TEDDY also screens for autoantibodies to thyroid peroxidase and thyroglobulin starting at 8 years of age. Islet and transglutaminase autoantibodies co-occurred in 1.5% of children-more often than that expected by chance alone. Islet autoantibodies usually, but not always, appeared earlier than transglutaminase autoantibodies [77] . TEDDY has reported major country differences in the incidence of celiac disease autoimmunity [78] , the clinical features [79] , genetic predictors [80, 81] , and the role of the early infant diet [82, 83] , and infectious factors [59, 60] in risk of celiac disease. Interestingly, gluten introduction before 17 weeks or later than 26 weeks was not associated with increased risk for CDA or CD, controlling for country, HLA genotype, sex, and family history of CD [83] .
Psychosocial Studies and Support
TEDDY has sought to determine the cognitive, emotional, and behavioral impact of the study participation on the child and parent [84] [85] [86] [87] . Families that experience maladjustment to the stress of a child developing islet autoimmunity are offered professional counseling partially supported by the study. TEDDY has documented the following: (i) heightened parent anxiety associated with IAs in the child; (ii) the substantial number of parents who underestimate the child's T1D risk despite multiple educational efforts; (iii) the substantial number of parents who report efforts to prevent T1D even when there is no known proven means to prevent the disease; and (iv) psychological manifestations of celiac disease autoimmunity in young children. We have also identified factors associated with study recruitment, retention, and compliance and developed/tested methods to improve study retention and compliance [88] [89] [90] [91] [92] [93] [94] .
In the next 5 years, we will examine the long-term cognitive, emotional, and behavioral impact of TEDDY on participants. We will expand our studies to include the impact on children-who are now old enough to provide responses themselves-as well as parents. In addition, we are pursuing the extent to which parent report of dietary changes to prevent T1D-which are common-are associated with actual differences in the child's diet.
As the participants get older, we have developed and put in place age-appropriate measures of primary study variables (stress, cognitive, emotional, and behavioral impact). In addition, we are evaluating tools (e.g., child-focused books, handouts) to help children understand TEDDY. We will use this information to develop additional tools and approaches to improve child and parent understanding of TEDDY, the child consent/assent process, and child/parent engagement in TEDDY, as well as assessing the impact of TEDDY on those families whose children do develop T1D. These assessments will also permit us to examine the role of stress together with other environmental triggers on the initiation and progression of islet autoimmunity. Children's Health Exposure Analysis Resource (CHEAR) Project in collaboration with CHEAR, approved by NIEHS in Feb. 2018, TEDDY will assess whether environmental exposures and toxicants (phthalates, phenols, metals) affect inflammatory markers and lead to the initiation of islet autoimmunity or progression to T1D.
TEDDY Study Mechanisms for Inclusion of New Hypotheses and Technologies
Ancillary Study applications are encouraged from the research community at large for studies on samples or data collected by TEDDY to answer research questions that complement the study objectives and thereby enhance the value of the project (for policy, see http://teddy.epi.usf.edu/research). They are evaluated for merit, feasibility, competition for samples, and potential impact. Over the last 5 years, 11 proposals have been reviewed and six approved. The NIDDK Data Repository periodically receives data from the TEDDY study and encourages researches to request access to these data (www.niddkrepository.org).
TEDDY Data Sharing Policy has been developed to structure the external release of TEDDY data not available through the NIDDK repository (http://teddy.epi.usf.edu/research). Access to TEDDY data has been approved for 62 proposals, including 38 from TEDDY investigators and 24 from outside researchers.
Discussion/Future Directions TEDDY cohort's size, population diversity, intensive followup, and application of unbiased "omics" technologies position the study well to discover the environmental cause(s) of T1D and the mechanisms by which they act. In addition to studies reviewed above, TEDDY is carrying out analyses of transcriptomic, proteomic, and metabolomics profiles of a large number of cases and controls. Epigenetic analyses are planned for the near future. TEDDY can evaluate both highly prevalent and rare exposures that require a larger sample size and assess a wide range of environmental factors prospectively from early age and repeatedly as they evolve during childhood and adolescence. Extended follow-up is critical as the effects of the exposures may have a long lag time. The TEDDY population covers a wide spectrum of genetic variation and environmental exposures by including diverse populations: Finnish, Swedish, German, southeast US with representation of African Americans, southwest US with Hispanics, and northwest US with Asian Americans. The study participants are genotyped using high-density SNPs and whole-genome sequencing and their environmental exposures are assessed prospectively allowing novel geneenvironment analyses. In addition to IA and T1D, TEDDY defines celiac and thyroid autoimmunity phenotypes. One of the main goals of TEDDY moving forward is integration of "big data" generated by our omics laboratories with analytical help from the broad scientific community. The large-scale meticulous banking of study specimens in the NIDDK repository will facilitate access to the samples by the research community for years to come.
TEDDY has already collected an extraordinary amount of prospective data and biological samples from high-risk children followed through the initial 8 years of life-the critical period for triggering islet autoimmunity. However, islet autoimmunity begins frequently also after age 8 and may be an important determinant of T1D diagnosed in adults. Little is known about environmental triggers of islet autoimmunity in older children and TEDDY will now address this gap in our understanding of T1D etiology and heterogeneity.
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